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a definitely related Government procurement operation, the U.S.
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whatsoever; and the fact that the Government may have formulated.
furnished, or in any way supplied the said drawirge, specifications
or other data is not to be regarded bty implication ¢r otherwise as
in any manner licensing the holder or any other persnn or corpora-
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sell any patented invention that may i any way be reiated thereto.
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BALLISTIC RESEARCH LABORATORIES

MEMORANDUM REPORT NO, 1231

JSimon/RDiPernio/
RJEichelberger/d;p

Aberdeen Proving Ground, M.
Beptewber 1959

SHAVED CFARGE FKRFORMANCE WITH LINEAR FLUTED LTNERS (U)

(CONFITENTIAL) ABSTRACT

Experimental resultas are described which show that orthodox spin-
commensating liners, with flute depth a linear function of liner radius,
produce compensation at different rotational frequencies for various elements
of ths liner. As a rasult of this dispersion in optimus; frequency, the mnrimum
penetration obtained at the mean optimum frequency of the liner is less than
the potential penetration that could de realirzed from a given charge design.
The higher the spin rate for which such & liner is designed, the greater the
dispererion and the lower the attainahle peretratiom.

The experimental observations are analyzed t¢ shov the means by which
dispeision can be reduced or eliainated, and penetration at high spin frequen-
cies watorially improved. Expianation of earlier failures in attempts to
apoly spin camporsation to HFAT rovmds is also derived from ‘he rasuits.
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(CONPIDENTIAL) I. INTRUDUCTION

It has baen ¥nown for many years that the penetration produced by a
rotated, metsl-lined shaped charge is greatly reduced from ¢+s non-rotated
pexformance (l).. The reason is clear from the flash radiogrephs of Jets
produced by non-rotated and rotated snaped charge liners, shown in Figure
l. The non-rotaied charge produces a8 ‘ot that remains coherent and concea-
trated along the cha.ge axis. lhe Jct from the rotated charge has a radisl
spread of particles, which results in a decreasc in the depth of nenetration
in the target material., The cause of the spread of the et lies in the
requirement that the angular mom=ntum of the metal liner must te conssrved
auring *he processes of liner collapre and jet formation. This results in
centrifical forces thut spread the Jet, +thus causing the energy of the Jet
to be dissipated ower a larger srea of the target surface (2). A typical
curve of penetratior as & func*ion of rotational frequency i¢ shown in
Figure 2.,

Several methods have been devised to modify the shaped charge limer to
reduce or eliminate the deleterious effect of spin on penetreation. This
report will be concerned with the mcst tested method - the use of straight
flutes impressed {n the outer and inner surfaces of the liner (5). Photographs
of a smooth and a4 fluted liner are shown in Figure 3, A cross-section of a
fluted liner with the various desiyn parameters listed and defined is shown
in Figure k.

The principle behind spin compensation is to divert a very small portion
of the energy »f the detonating high explosive to impart, to the muterial
sorming w22 Jet, £ tengentiel ccmponent of srlollty <hich will counteract
that introdured by the init+al rotation. . tne ailei tany=ntial velocity
component o each sertion of the line: {s equal ard cpponite to its tangential
velocity due to rotation, the liner wiii collapse and form a Jet as if the

liney wers snooth and hal no iuitial rotation.

Refers to references listed at end of report.
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The tangential velocity imparted to an element of a conical liner dud
to {ts rotation is proportional to its diastance from the liner axis, Vt- 2wy

where:
Vt a tangential velocity due to liner rotation
r = radial distance from liner axis to element of liner
v = frequency of rntation of liner

In alnost all of the tests on fluted liners to date, the flute depth
has beea varied linearly from a nominal zero value at the geametric cone apex

to a maximum at the cone base.

Previous investigators (%) bhave stated that tle sim; e "linear" flute
(t.e., a flute vhose depth is a linear function of line' radius) was not the
fidenl denign, and that a pon-linear flute design wvas porecssary. In the initiel
experiments, however, rno method was aveilable for determining the ideal design,
su that the simplest flute, from the point of view rr production, was adopted.
1his results in & design such that the variouz rini elements of a liner do not
have the same optimum frequeacy and do not all give their maxiwmum potentinl
pesctration at any given frequency. The integratad result for the entire cone
is that ihe maximum penetration (at the mean optimum frequency of all the ring
elevents) is considerably less than the potentisl penetration. The higaer the
spin frequency at which a liner is designed to opermte, thz greater the dis-
persion in optimm ‘requenciea for the various elements, and the lower the
total penetration. Theoretically, an ideal flute shoula elim!nate dispersion
in obtlmun frequency and a flut2d liner should prrovide penetraiion equal to
tuat of a similar smooth liner {ired without rotatlion.

The purpose of the current researc: program in sy.n compeneation is to
investigate the validity »f the basic hypothesis that all elements of a given
linear fluted liner are not compensated at the same sgpin rate and to de.
termine what modifications in flute design are required to reluce or eliminate
dispersion at high rotational frequencies,
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The experimental results reported herein consist of observationm shinine?
?y)ﬂu'u radiographic techniques (5) (tz),)radioactive Lroepr wetheds (7) (8)
9 10

, &nd penetration-rotation firings ,
(CONFIMENTIAL) II. ildhn DESIGN

The series of fluted linera irvrptfipoled were manufactured bv the Thomas
Industries, Inc., Fort Atkiason, Wiscousin wnder Contrac, Nc. DA-1).022-ORD-
2147. The liners were part of a group cf five scaled sizes tbat varied ip
diameter from a nominal cne inch wo {!ve inches. The sizes specifically
exverimented with are thLose dezignated BRL- 7, and BRL-4, Fertinenv drawings
and apecificetioms for liner Gesaign are Thomas Induntries Drawing Fo. 464008,
and Carnegie Institute of Technology Drawing lumbers 1455 thru 1460, and 1389a,
The charge design is {llus‘rated in Figure 5,

The design pirameters for a lipear fluted cone are shown {n Figure 4, The
group of liners (h2° apex angle) iescribed herein will be represented by the
nomenclature of a BRI-1 (as an example): 0.945 [ (0.035)(16x.0200) (S,8)( bi}.
BRL-1, 0.945 deacribes the No. 1 scale liner vith a cone liameter ot 0.345
inches; the number 0,035 represenis the average wall thickness {perpendicular
tc the wall) in inches; the figures (16x.0170) represent “he number of fluates
and flute depth at a datum plane near the tase of the liner (these liners have
ih flutes and have on svterinr fluts tvarevares depth of 0,0100 inches et the
base datum plane); the nomenclature (S,S) refers to the method of manufacture
(the liners were fluted heiween metching metal fluted tools); the symbol 8
refera to the relative angular indexinz of punch and die, For each series,
ten index angles and the smcoth parent liner were testad, Since these
liners are from a scaled series, the representative nomenclature for BRI~-3
and BRI-4 sizes ar~:

ERL-3, 2.835 {0.1.05 (16x,03c0) {8,8) (5)}
BRL-4, 3.780 {o.luo (16x.0400) (5,5) ( 8)}

The liners were assemblad into scaled casings; ‘he confirning wall
thickness and all otber dimensions, and weight of composition B high ex-
plosire filler, were wscaled,

CORFIDINTIAL
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(CONFIDENTIAL) TI1I. EXPERIMENTAL RESULTS

¥ith the (S,5) type lincar flute, the divection of optimum compensation
frequency for best performance varies with the index angle (11), the con-
rention adopted for the sign of rotation direction is the follovwing: A
rotation is considered positive if the exterior offset surface leads tre
canted sucface; it 1s negative if *he olfset curface trails the canted surface.
The arrow above the flute profile in Figure 4 indicates a positive rotation.
With this convention in sign, a revercel of the flute orientatior does not
change the 8ign of the optimum frequency, although the actual direction of
rotation in a {ixed cocrdinate syatem is thereby reveresed,

A. Penetration-Rotation Firjrey,

The penetration-rotation fir. gs were conducted at Erie Ordnance Depot
under the supervision of Firestone Tire and Rubber Co. (20) (Contract No. DA-
33.019-0RD-2355). The optimum frequency versus index angle for the IRL-3 and
BRL-U4 liners are shown in Figure §, along with the normalized penetrations
versus index angle for the two sizes. The penctration by the parent smooth
liners, unrotated, is represented by the dashed line. The maximm penetr_tion
and optimum compensation frequency for each index angle ere shown in Table I,

COMRSENTIAL
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TABIE I
Optimum Cpin-Rale and Maximum Penetration (10)
i various Inde.. Angles for BRL No. 3 and KRL No. 4 Charges
r B No, 230 ! BRIL. No., 4~
Index Angle || Spin | Fepetration| Maximum Spin | Penetration]| Maximum
(degrees) || Rate | into mild renciration|| Rate |into Mild Pentration
(RPS) | steel 11 Cone (RPG} | Steel in Cone
(inches) Dj ameturs {inches) Diameters
at Optimuw at Optimm
Spin-Rate Spin-Raln
0 l +0 13.6 4.80 +50 18.0 4,75
1l +50 1.7 4.9 +30 20.6 5.4k
2 +15 15.2 5,38 0 20.5 5.40
4 35 4.6 5.15 -35 19.6 5.17
6 -50 1L.0 L.,95 ) 19.0 5.01
8 hA -50 11“'0 ’4.95 ‘55 18’0 ho75
10 ‘25 1306 h;r‘) -20 1708 ho68
14 +15 12.5 L4 +15 15.8 y k.18
18 l 460 12,5 L.33 +40 16.0 4,22
21.5 g +80 22.6 4,88 +65 18.5 4.88
]
Cortrol Non- 156.6 5.63 v one 22,7 5.88
Smooth rotated " rotated
Liver
9
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One cboerves in Figure 6 that the optimum freqguency falls from a maximum
pusltive value at an index angle of ?1.50, crosses the zero frequency sxis
at an {ndex angle between 2° and 50, changes sign and proceeds to a maximum
negetive value at about 70; it returns to zero, reverses sign again and

increases to its posltive maximun.

The penetrations into mild steel bty smooth BAL-3 and BRL-4 licers are
16.6 inzhea and 22.3 inches, respectively. ~The top curve in Figure 6 showa
that the efficiency of compensation {i.e., the percentage of penetration of
the emooth parent liner) 1s greatest (92% for both sizes) with Index angle 2°.
Howaver, at this index angle, tne optimum ccmpensation fregquency 18 low
(approxliately zero rpc). 'The degree of compensation at the maximum negative
value of cempensation frequency (A - 7°) 1s 85%, and at the maximum positive
value of frequency {8 = 21.5%) 15 83%, It chculd ba noted that there 18 no
simple relationship between optimum frequency and efficlency of compensation.
For example, a magnitude of 30 rpc can be obtained with the 4O 1lineres at index
angles of {approximately) 19, 50, 9.:0, and 16 degrees. The correspeonding
compensation efficiencles are, respectively, 82¢, 91%, 80%, and 7.
Differences becomd much greater when liners are designed for higher frequen-

cley.
B Flash Radiography.

The experimental plan royulrcl the vme of samples from each group of
lipers for flaeh radliogrephic observatioa. Triple flash radiographs of Jets

from erch type cof liner were obtaincd el each of several rotat.onal frequen-
cles st time inte-vals of 115, 165, and 1)" nicroteconds after detonation.
Elemenis alorg the Jet weie exanined for indications of compensation, and the
compensation frequencies of the front, center, and rear portions of the Jet
vere estimated, Jet elements that were continuous or only slightly fragmented
wer» conaidered to be compensated at the test frequency, whereas jet elements
that were badly fregmented or bifurcated were considered uncompensated., The
photograph of the Jjet in free flight could be obsecrved over the range of

several inches to 52", which ls the full length of ithe x-ray Tilm caasstiter,

10
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Flarsh rndfographs $1lustrating the wvariation in optiuum frequency wloung
the Jet are shzun in Figure 7. For an index angle of rero degrees the rear of
the jJet 1is compensated at 120 rps (Figure Ta), the {ront of the Jet at 30 rps
(Figure Tb). For the 6° index anglc, the optimun frequency for the frout of
the jet is -100 rns (Figure Tc), and =20 rps for the rear o” the Jjet (Figure
7a).

The Jata showing the compensation frequency of elements of the ERL-3 and
ERL~-4 lipners, as deduced from flash radiographs, are found in Table II; the
spin rata verrus relative position of Jet element is plotted in Figure 8., For
index srgles that produce compensation in the positive regtion of frequency,
the front of the jet compensates at a lower frequency that the rear, For
index angles that compensate in the vegative ragic-, the front portion of the
Jet compensates at a higher {absolute value of) fregqueacy than the rear,

The optimum rotational frequency versus index angle, and the penetvration
versus index angle, »re plotted in Figure 9 for the linear fluted liner (ERL-3).
Curvee a, b, and ¢ represent the rear of the jet, the middle of the Jet, and
the tip of jJet, respectively. Comparison with Figure 6 shovs that the "mean"”
curve obtained from penetration cbrervations lies betvween those representing
the middle of the Jet ond the rear, as would be expected for short standoff
penetrations. The penetration curve (d in Figure 9) illustrates that the
maximum penetration oncurs vhen the dispersion in optimum fregquency between
front and rear of the jet 1s at a minimum (index angle region of 2°).

C. Redioactive Tracer Techniques.

The application of radioactive tracer isotopes to the study of shaped
charge phenomena wag fnitially iuvestigated at Carnegie Institute of
Technology (7). Recently Mr, M, K. Gainer (9) of the I’Y, in cooperation
wiih Dr. V. Lamb and ir. H, I. Salmon of the Ratioral Bureau of Standards
(8), has refined the techniques to warrant Jts use as a researci tool witu
fluted liners. ‘

Silver (AZ 110) 15 electrodepoeited in bands at prede’srmined sositiozc
on the inside of the iiner. The locations of the bands vere 1/2", 1", 1 1/2",
2", 2 1/2" and 3" from the bottom of the liner flange 40 the near edge of
the band; the locations are dcsignated A, B, C, D, E, and F, respectively.

11
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TABLY, II

O & Yeatnepers

Compensation Frequencies
Determined from Flash Radiugraphs of Jets

Flute Depth = ,0LO", Wail Thickness = 0,1L40"

LINER COMFENSATION FREQUENCY (RPS)
TYPE Index Front c. Middle Portion Reer ot
Angle Jet of Jet Jet
30 o° 60 80 120
1° 30 L5 75
2° 10 20 L5
4 -80 -60 -20
€° -90 -60 -20
10° =70 -hs o
21.1/2° 70 100 120
Flute Depth = .030", Wall Thickness = 0.105"
he 0° 30 50 75
1° 15 20 60
6° 90 -45 ~15
21-1/2° L5 75 90

COMFISEITIAL
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The appraximate thickneuss of radiocact{ve deposit varied from 0.00004" to 0,0012".

The activity of Ag 110 varied from 300 to 170 mizro curies. The band width was

nominally 1/16" + 0.003". A group of liners wvere plated with single redioactive

bands, vhile other lincrs wore plated with six bands,

Rudioactively tacged liners cf tle Il~% linsar-fiuted * 7o (" viex ~o6ie
6°) were fired into mild sieel target plates (12" x 12" x 1") nnd 4. degth
reached by the tagged rzonal element was determined Ly radiomctive assas . ¥ the
plates, The irelation between penetiration depth and position of a zouul
element in the lincr was obta‘ned in tils manner,

The results of firings of the tracer-tagged liners are given tn Table III,
and are plotted i{n Figure 10. The grectest contribution to penetration (for
the charge design used) is produced by the liner zone 1/2" to 1" from the base
of the cone (total inside cone height 4 1/2"). The penetration effectiveness
of each zone changes, however, as the frequency is varicd. At the lowv frequen-
cies of rotation (0 to -20 rps), the greatest penetration is produced by the
first 1/2" zone fram the base. As the frequency is increased (in the negative
direction), the =one from 1/2" tu i” of the base becomwes predominant. This
condition remains throughout most of the useful frequency range of this charge,
vhich has its mean optimum frequency iun the region of -45 rps to -55 rps at a
12" standoff. At a frequency of -75 rps, the zove 1" to 1 1/2" from the base
produces the grestest part of the penetration, but the total penetration is
considerahliy decreased.

These results substantiste the radiographic observations (for index
angles that give a negat've optimum compensation frequﬁncy), vhich show that
the indicatiors of compensa‘ion shift from the rear f0 the tip of the Jet as
the frequency increases from zero in the negative direction (Pigure Tc and Td).
This would account for the shift in penstration effeciiveness from the base
toward the apex as the frequency changes in this manner,

The dominant role of tre lover portion of the liner in peneiration by
haavily confined charges has been predicted on theoretical grourds, but the
degree to which it pradominetes, as evident from the tracer results, is

CONFIDENTIAL
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nonctheless surprising. The sum of the maximum penetrations for the various

zones at their respective ortimum frequencies is greater than the total

penetration by the smooth parent liner fired non-rotated, The values of
penetration for the zones 1/2" to 1" at -45 rps, and 1" to 1 1/2" at -75 rps
are undoublecdly high, prosumably due to experimental error. With refinements
in experimental techniques, it is expectsd these values will be loweced.

TALLE I1I

Locatlun (-listance from top of target) of elements of
rudloactive tagged liners in tarpet. BRI-4 linear-fluted
1irers (6° index angle), rotated; standoff, 12"; target,
stacked 1=" x 12" x 1" mild steel plrt~n,

SPIN-RATE (RPS)

Cone
Element 0 {-20 }35 .45 -55 -75_1-90 [ -100 | -105 ]
D, E, F All] bends located in first target plate
c o [ o | om o - 2 | 2| gn 1"
B B L oun ] oun [l I " | - - -
A 5% 10" i7" 19" 20" 7 - - -
Total 7-1/2" | 12" | 18" |19-1/4"|20/1/2" | 17-1/2" 10"1;;-1/2" 6-3/4"
Penetration

(CONFIDENTIAL) IV. DISCUSSION

A, Modification of Flute Design.

The experimental results described in the firegoling scctions clearly
demonstrate the validity of the hypothesis which has constituted -hw. focal
point of recent work in spin compensation: The loss in penetration in

designing liners for higher epin rutes has been due to an increasing
dispersion in optimum frequency of the liner elements. Curprisingly, however,
the direction of wailatlion of the magnitude of optimum frequency along the
liner depends upon the direction of the impulse - i,e., upon the index angle.

1k
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The observations serve as mnre t.an qualitative substantiation of the
hypothesis; they alnn p:ovide the date necessary to correct the fluts design
and reduce or eliainate dispersion. By correlating the radiographic and
radioactive tracer duta, one obtains the reprecentation shown in Figure 11
for the relati{on betwsren the tangnntirl velocity due to rotation and that
produced by the compensating impulae, for liners compensating in the nosilive
sense {index angle 21.5°). 1Initial spin rate has “een closan so that tae base
of the liner would be compensated, but Le remainder of the liner benefits
only slightly froa the iluting at that spin rate,

Since the compensating impulse {s a linear function of flute depth (5),
the modification in flute design needed to remove the dispersion can also be
deduced. The result, for this particular situation, is shown in Figure 12,
A liner having a non-linear flute of the design indicated should afford
compensation at a spin frequency of 120 rps, with little dispersion and,
consequsntly, Jittle Joss in penetration « if the curreat correlations cre

accurate.

Similar results obtained for a liner designed to compensate in the negative
seng2 (indev augle 6°) are shown in Figures 13 and 1i, 1In this case, the non-
linear flute indicated would provid: campensation at a frequency of only -UO
rps, using the same maximum flute depth as in the previous ~zsé,

The results of this analysis shov a clear preference for liners having
index angles that produce compensation at positive rotational frequencies,
in order to obtajn high frequencies without exceaeive flute depth, In past
work, with linear fluies, index angles of the order of 6 to 7° gave beat
resulty because of the less dispersion mong elements contributing most to
penetration,

The anticipated verformance characterintics of liners having the
suggesicd non-linear flutes are illustrated in Piguree L5 and 16, In each
case, the d'spersion of optimum freguency is reduced and penetration ie
increased, relative 10 a liner having linear flutes, over a range of index
angles adjacent to that Jor which the flute is designed. At other index
Angles, performance is poorer tiaan that obtained with linear flutes,

15
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B. Interaction Between Compensation Frey ~ncy Dispersion and Effects
of Confinement. —

In 1951 the Picatinny Arsenal attempted ¢ adapt to the M307, 57mm HEZAT
round, fluted liners that had becen tested and found to perform ratisimctorily
by Carnegle Institute of Technology. The results obtained were exiremely
disavpointing and only conjectural explanstions could be given at the time.

In the courss of the application, the conditions under which the liners
were used were significanily changed. In the initial laboratory testa 2t
Carnegie Institute of Technnlogy, the churges had been confinzdi in relatively
light t2di{es, made of thin-walled aluminum; the standard M30T HEAT shell, on
the ctber band, is a relatively thikx-walled steel body. The results
deacribed in this report provide a ready and an entirely plausidble explanation
for the drastic difference in performance between the laboratory tests and the
firings wvith the shell hodles.

The effect of the change in confinemert upon the collapse cf the liner is
represented schematically in Figure 17. In the plot are showvn twu curves of
the velocity of liner collapse as a function of position on the liner - one
for lightly confined charzes and one for heavily confined charges. The effect
of the increased o~ufinement is to produce a more nearly stealy-state collapse
in the upper portion of the liner and to increané the rate of change of
collapse velocity in the bottom portion. A3 o consequsnce, th: jet formed by
a heavily confined charge has little gradient in the front, it a very large
gradient at the rear. The contribution to penetration by the front portica
of the M=+ {g corrsspandingly reduced (especially at short stundoff) eaxd the
contridbution by lover porticns of the liner is considerably increased. Figure
18 shows experizmental data ‘9) far simtlar charges fired with iight canfinement
and vith very heavy confinement., The plot shows the contribution to penetration
Ter unit heicht of liper as a funcilon of the position of the linexr alement.
For ibe lightly confined charges, the peak occurs at a point between €0 and T0%
of the distance from apex toward base of the liner and the curve is ¢u’  Dbroad,
For the Leavily .onfined charges, the pesk occurs &t a point anproximately 95%
of the distance from apex to base and the rise and fall of the curve are nuite
shai p.
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It 4t 48 ausured that the tonpgential component of collapse velocity {or a
linear flute in pocportionsl to the resultant colinpse velocity as shown in
Figure 17, the reason for drasticaliy cifferent performances oif lighily confined
and heavily confined clergen ~ou Le ~eadily sten. Py ccmparing Figure: 17 and
18, 1t is evident that the sreatcst nen¢=ibu’ion to penetration by the heavily
conf { charge is derived frcm a porticn of the liner in whick the compensation
fraq...ucy 16 varying most rapidly with position on the liner. As u consequence,
it can be expected that the most important part of the jJei from the heavily
confined charge will suffer a great deal of dispersion in optimum freguency and
ssvere depradaticn in liu penctratirg ability. Or the other hand, fro the
lightly confine? charge the rate of change of optimum Zrequency with posi*ion
is relatively siov for tle portion of the liner contributing the mmjor part of
the penetration, and the dispersion would be expected to be relatively slight.
Consequently, for the situsa.ion represented in Figures 17 uard 18, it would be
expected that from a given liner a greater total depth of penetraticn woulld te
obtained from a lightly confined charge than from e heavily confined charge.

For this same situaticn, however, it could bde anticipated that the mean
optinum frequency would be somevhat gr:ater for the heavily confined than for
the lightly confined charge.

i% 1s clear from this type of reasoning that the relative nerformance of
lightly confined and heavily confined charges co-taining the same fluted liner
will be seneitive to details of charge design eand the consequent variations in
the coilapse velocity and the compensction impulse curves, I+ ig entirely
feasible to derign counditions under which tne heavily confined charge would
produce a lower mean optimum frequency than the lightly confined charge, or
a greater *total depth of penetration at the mean opf.imum frequency, or even
both.,

For vurposes ol application of the spin-compensated liner, the important
conclueion drawn £rom the above argumenis is thut a liner intended for use in
6 heav{ly coniined round mus! be espeacially desigred for those conditions end
tesled 1n roundr that provide appronimetaly ¢h: same degree of confinement as
the ultimats shell body. Figure 19 represents, schemstically, tle «ppropriate
curves of flute depth versus position of clament to provide compensation with
minimca dispersion £ - lightly cenfined and heavily confined charges,
respectively, assuming conditions ss represented by Figure 17.
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(CONFIDENTIAL) V. CONCLIJSIONS

The conclusions derived fron the observations and analysis descridbed in
the foregoing are, briefly, as follows:

(1) The basic hypothesis of the current research p:r ogram on spin
coupensation has been proven velid, It has been shown that fluted liners
having flute depth increasing linearly with liner radius do not compensate at
a single rotational f equency, at leant in orthodox charges,

(?7) The suggested methed of overcoming the deficlency of orthodox fluted
liners is +o change thc relatiorship between flute depth and liner radius.
Instead of the linear relationship, a non-linear relationship is needed,

(3) The type of modification to the linear flute design is illustrated in
rigure 20, For linars that intrinsically compensate in the (arbitrarily
defired) positive sense of rotation, a relationship as illustrated by the upper
curve would be appropriate; for liners that compensate in the negative sense of
rotation, the lowver curve would be appropriste.

Frmom

J. SIMON

/58/\92%

R. DIPERSIO

J. EICHELBERG ‘;2
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